Methodology is presented and proved for determination of the best-estimate parameter values affecting the matrix/fracture-interface fluid transfer in naturally fractured reservoirs. Fracture/surface-hindered interface transfer of immiscible fluids is considered between matrix blocks and surrounding natural fractures. Improved matrix/fracture-transfer models are applied on the basis of presumed matrix-block shapes. Analytical solutions and the limiting isotropic-matrix long-time shape factors developed for special boundary conditions are used for interpretation of typical laboratory tests conducted using rectangular-and cylindrical-shaped rock samples. Workable equations and straight-line data-plotting schemes are developed for effective analysis and interpretation of laboratory data obtained from various-shaped oil-saturated reservoir-rock samples immersed into brine. Applications concerning the water/air and water/decane systems in laboratory core tests are also presented. The present approach allows rapid determination of the characteristic parameters of the matrix/fracture-transfer models for various-shaped matrix blocks, which are essential for prediction of petroleum recovery from naturally fractured reservoirs. The methodology is verified using various experimental data, and the values of the characteristic parameters (e.g., the average diffusioncoefficient and the interface-skin-mass-transfer coefficient) are determined. The Arrhenius (1889) equation is shown to represent the temperature dependency of these parameters effectively.
Introduction
This article provides a significant advancement over previous attempts toward an improved formulation of the matrix/fracture transfer functions by taking into account the hindered-interface transfer of immiscible fluids. This is accomplished on the basis of the analytical procedures derived from the rigorously linearized and transformed diffusion equation. A practical methodology is developed and implemented with conventional laboratory tests for determination of the effective parameters of the matrix/fracture-transfer functions (e.g., the average diffusion coefficient and interface-skin-mass-transfer coefficient). The proposed analytical approach is instrumental for accurate fitting of the hindered matrix/ fracture-transfer model to a variety of test data and determination of its parameters conveniently.
Flow through naturally fractured petroleum reservoirs is generally described by simultaneous numerical solution of the equations describing the flow of gas, oil, and brine phases in the fracture and matrix media, coupled with the matrix/fracture interface-boundary conditions. The overwhelming computational effort required for this purpose is usually alleviated on the basis of a fractureflow and matrix-source/sink formulation. This requires the use of approximate analytical matrix/fracture interface-transfer functions derived under certain simplifying assumptions (de Swann 1978 (de Swann , 1990 Civan 1998; Rasmussen and Civan 1998; Civan and Rasmussen 2001) . Frequently, the parameters of the transfer functions are estimated by laboratory core imbibition tests or reservoir production history matching. There is a considerable amount of experimental data available in the literature, but the data-analysis and -interpretation techniques lack in accuracy and suitability for practical applications. This article presents a rigorous approach and demonstrates its validity by effective analysis and interpretation of various experimental data.
The derivation of adequate transfer functions expressing the matrix/fracture interface flow has attracted significant attention. Consequently, numerous theoretical models (Warren and Root 1963; de Swann 1978 de Swann , 1990 Kazemi et al. 1976 Kazemi et al. , 1992 Moench 1984; Zimmerman et al. 1993; Civan , 1994a Gupta and Civan 1994; Lim and Aziz 1995; Reis and Cil 2000) and empirical correlations (Zhang et al. 1996; Guo et al. 1998; Matejka et al. 2002; Gallego et al. 2007 ) have been proposed. In numerous cases, theoretical transfer functions have been developed using the approximate analytical solutions obtained from the simplified and/or linearized diffusion equations for presumed-shape matrix blocks subject to certain matrix/fracture interface-boundary conditions.
The fracture surface may be damaged by various mechanisms in petroleum reservoirs. Impairment of permeability by deposition of mineral matter and debris and by mechanical processes is referred to as formation damage (Civan 2007a ). Buildup of a stagnant thin fluid film (stationary hydrodynamic boundary layer) over the fracture surface is referred to as the pseudodamage (Civan 2007a) . The combined effects of such adverse processes may severely hinder the exchange of the fluid phases across the interface between matrix block and fracture medium. Mostly, the previous approaches assumed constant fluid conditions (Dirichlet type) (e.g., prescribed saturation) over the surfaces of matrix blocks. Then, Duhamel's rule has been applied to account for variable-fracture-fluid conditions (de Swann 1978 (de Swann , 1990 . In contrast, Moench (1984) , Wallach and Parlange (2000) , and Civan (2003, 2006) considered the fracture-skin effect (Cauchy boundary condition) caused by the formation and/or pseudodamages.
Exhaustive experimental data are available in the literature from laboratory imbibition tests using various-shaped reservoircore samples and fluids (Zhang et al. 1996; Ma et al. 1997; Reis and Cil 2000; Xie and Morrow 2001) . Laboratory measurement of the matrix/fracture-interface flow is usually carried out using smallsized rock samples (dimensions on the order of a few inches) under certain prescribed conditions suitable for convenient interpretation of experimental measurements. Laboratory tests have been conducted using rectangular-, cylindrical-, and spherical-shaped reservoir-rock samples exposed to various boundary conditions (Fig. 1) .
Conventional laboratory testing of core samples is rather straightforward, carried out by immersion of oil-saturated core samples into brine and measuring the recovery of oil during water imbibition at different times (Matejka et al. 2002) . Cil (1997) , however, conducted similar tests with water/air and water/decane systems. Nevertheless, the interpretation of experimental measurements is a rather challenging task, requiring an accurate model for proper formulation of the exchange of immiscible fluids across the matrix/fracture interface. The differential equation and its boundary conditions describing the flow of immiscible fluids in a matrix block by capillary diffusion are highly nonlinear, and an adequate approximate analytical solution of this equation is required in order to be able to devise a reliable direct analytical interpretation procedure for unique determination of the best-estimate parameter values.
Therefore, the primary focus of the present study is a rigorous characterization of the exchange of immiscible fluids across the matrix/fracture interface by model-assisted analysis of laboratory core tests. Our studies provide some critical insights for proper determination of the parameters of the transfer functions used in simulation of naturally fractured reservoirs using the analytical solutions obtained from a rigorously linearized nondimensional diffusion equation . The approach facilitated here for proper modeling of flow through a matrix block by capillary diffusion can be referred to as the leaky-tank model (Civan 2000) . Also, the transfer functions obtained for prescribed-shape matrix blocks are dependent on the shape of matrix blocks. However, because the analytical solution of the linearized diffusion equation was derived assuming a constant fracture-fluid saturation, ultimately the application of Duhamel's rule is required to account for variable fracture-fluid saturation in reservoir simulation, as demonstrated by de Swann (1978 de Swann ( , 1990 , and Civan (1994a Civan ( , 1998 .
For this purpose, we elaborate upon the practical applications of importance concerning the hindered-matrix/fracture-transfer models, and the data analysis and interpretation method proposed by Civan and Rasmussen (2003 , 2005 . This approach is significant because it not only provides a best estimate of the average capillary-diffusion coefficient but also the value of the interface-skin-mass-transfer coefficient. These are the essential parameters required for accurate determination of the matrix/ fracture interface-transfer functions. Further, we show that the temperature dependency of these parameters can be represented adequately using the Arrhenius (1889) equation. Civan and Rasmussen (2003 , 2005 derived the special analytical solutions of the transient-state capillary-diffusion equation for the various-shaped matrix blocks depicted in Fig. 1 under various boundary conditions by taking advantage of the symmetry. The limiting isotropic-matrix long-time shape factors for variousshaped matrix blocks subject to different boundary conditions are presented. These can provide convenience in interpretation of the conventional laboratory core tests. They presented the full-time solution and the short-and long-time asymptotic analytical solutions for 1D, 2D, and 3D Cartesian matrix blocks, circular-cylinder and annular-shaped matrix blocks, and spherical matrix blocks. These analytical matrix/fracture-transfer functions are used in the present article to analyze and interpret various experimental data obtained with different-shaped reservoir rock samples, and the characteristic parameters of the transfer functions are determined. Simultaneously, these exercises confirm the presence of the hindered-interface-fluid-transfer mechanism and the validity of our approach.
Formulation
Briefly, our formulation describes the isothermal capillary-diffusion phenomenon in a water-wet matrix block having a prescribed initial fluid condition (oil-saturated) suddenly immersed into an infinite medium having a different fluid condition (water). This causes a matrix-to-fracture oil transfer by spontaneous water imbibition. We consider a single capillary-diffusion coefficient that is dependent upon saturation, assuming that the immiscible fluid phases [e.g., oil and water (brine)], act as single pseudocomponents (fixed-composition mixtures). This is commensurate with the common approach followed by the Buckley-Leverett formulation of waterflooding of oil reservoirs. The details of the mathematical modeling and analytical solutions are presented elsewhere by Civan and Rasmussen (2005) and Rasmussen and Civan (2006) . In the following sections, the workable equations of this model are summarized and the results are manipulated to develop and apply the various convenient straight-line plotting schemes. These provide practical means of determining the best-estimate values of the average capillary-diffusion coefficient over the mobile-fluidsaturation range and the interface-skin-mass-transfer coefficient. The latter cannot be determined by the previous interpretation methods, assuming prescribed saturation values at the matrixblock surface.
Basic Equations of Fluid Transfer Through Matrix Blocks.
The formulation is presented in general for any shape of matrix block having a volume V and surrounded by an external surface of area A exposed to the fracture fl uid. We consider an immiscible and incompressible two-phase fl uid system (e.g., oil and water). The nonwetting and wetting phases are indicated by the subscripts n and w. The symbol S w denotes the saturation of the wetting phase, and S wi and S ni denote the immobile wetting and nonwetting-phase saturations in the matrix, respectively. S wf is the wetting-phase saturation in the fractures surrounding the matrix block, assumed constant, commensurate with the usual experimental protocol. However, the matrix/fracture-transfer function obtained by the analytical solution generated using an arbitrarily or conveniently selected constant fracture-wetting-phase saturation S wf value can be used readily by applying Duhamel's theorem to account for the effect of the variable fracture-wetting-phase saturation S wf occurring in the fractures of naturally fractured reservoirs, according to Rasmussen and Civan (1998) and Civan et al. (1999) .
The transport of the wetting phase inside a matrix block (Fig. 2 ) can be described by the following equations (Civan and Rasmussen 2005) . The flow of the wetting phase in a matrix block by capillary diffusion is described by where t is time; is porosity of matrix; and K are the average porosity and permeability, respectively; and K is the permeability tensor of the matrix block. w is the density of the wetting fluid. Hence, the capillary-diffusion coefficient is a scalar function (Civan 1994b) , which depends on the average porous matrix properties (, K ) and dimensions, the wetting-phase and nonwetting-phase viscosities ( w n , ), the petrophysical properties (e.g., the relative permeability of the wetting and nonwetting phases), and the capillary pressure (k k p rw rn c , , ), which are functions of the wetting-phase saturation S w .
The initial condition inside the matrix block is given by the uniformly distributed immobile wetting-phase saturation S wi S S t
The symmetry condition imposed along a plane passing through the block center is
The imbibition boundary condition over the surfaces of the matrix block is We apply two consecutive transformations on Eqs. 1 through 6 to obtain a linearized model that can be used for convenience in analyzing experimental data obtained with different-shaped matrix blocks, as described in the following. (9) where s w is the wetting-fluid-saturation variable of integration and S is the normalized wetting-phase saturation variable of integration. A numerical example illustrating the application of Eq. 9 is given in Appendix A. Next, a new dependent variable C , referred to as the pseudosaturation here, is defined as We define K as a geometric average permeability of a matrix block, given as
, ,and are the permeability components in the Cartesian x-, y-, and z-direction, assumed constant, and L denotes a geometric-average length for a matrix block given by L V = 1 3 / . Thus, for example, for the various matrix shapes considered in the present study ( Fig. 1 ) it would be given by the following expressions: 
where L L L x y z , ,and are dimensions in the Cartesian x-, y-, and z-direction, and R is the radius.
We assume constant fluid and rock properties, but anisotropic rock permeability. Consequently, substituting Eqs. 7 and 11 into Eqs. 1 and Eqs. 4 through 6 yields, respectively, (16) where n denotes the outward normal unit vector and B n is the corresponding Biot number (dimensionless), given by (17) where s is the interface-skin-mass-transfer coefficient and K n is the permeability component in the normal unit vector direction. Notice that we still need to express S w in Eq. 16 in terms of C , as shown in the following subsection.
Second-Level Transformations. Consider the following truncated Taylor-series expansion of the integral given in Eq. 10 so that we can express the right side of Eq. 16 in terms of the transformed variable C :
where S * is an appropriately selected value such that the truncated Taylor series closely approximates the integral given by Eq. 18, as illustrated in Appendix A by means of an example.
Consequently, eliminating S w between Eq. 16 and Eq. 18 yields (23) Further, we introduce a pseudotime or new independent timetransformed variable T according to Rasmussen and Civan (2006) 
Consequently, applying Eqs. 20 through 24 to Eqs. 13 through 16, and then neglecting the residual terms arising from linearization, the transfer of the wetting phase by countercurrent nonwettingand wetting-phase displacement inside the matrix blocks owing to the capillary-diffusion mechanism can be described adequately by the following general nondimensional linearized formulation :
The linearized model presented here enables analytical solutions for various matrix-block shapes, as described in Appendix B (Civan and Rasmussen 2005) . Shape Factor. Defi ne an average dimensionless transformed-saturation function C over the matrix block by
For convenience, we express the rate term d d C T / in terms of the average dimensionless transformed-saturation function C inside the matrix block relative to the dimensionless transformedsaturation function in the fracture medium (Warren and Root 1963; Kazemi et al. 1976 Kazemi et al. , 1992 . This can be accomplished by integrating Eq. 25 over the matrix block, assigning the value of the resulting integral term, and expressing the matrix/fracture-interface transfer as shown here:
where d is called the nondimensional shape factor and clearly depends on the shape of the matrix block over which the integration is taken. Hence, when C is a known function of T, then Eq. 30 can be used as a defining equation for a time-variable shape factor d . The shape factor varies with time for short times, but it attains a constant-limit value for long times. The long-time limits of the shape factors presented in Table 1 for various configurations have been determined as described in Appendix B. Further, integrating Eq. 30 and applying Eq. 11 yield
where T' and t' denote the variables of integrations.
Recovery Factor. The volume q(t) of an incompressible fl uid accumulated in a matrix block of volume V in the time t is given by
where denotes the effective porosity excluding the volume occupied by the immobile fluids (i.e., the connate water and residual oil) present in the pore space. According to the posing of our problem, the volume of the fluid q(t) that diffused out in the time t is the volume of the fluid that is gained or recovered by the 18.17
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external region that is the fracture medium. This is defined by the recovery factor RF(T) as
The recovery factor is a measured quantity in the laboratory. A theoretical expression for the recovery factor as a function of time can be obtained by inserting C T ( ) in place of RF(T) by means of Eqs. 31 and 34 Rasmussen 2003, 2005) .
where the superscript LT denotes the long-time behavior. Note that we obtained Eq. 35 by solving Eq. 31 using the constant value of the limiting shape-factor attained as T → ∞ (Table 1) . The semilog graph emphasizes the long-time behavior. A different sort of graph is more suitable to emphasize the short-time behavior. The short-time behavior is different from the early-time behavior. An examination of the functions that describe the short-time behaviors of C T ( ) suggests that plotting C T ( ), and thus, RF(T) vs. T , is appropriate for capturing the essence of the small-time behavior .
Recovery Rate. The volume rate of fl uid recovered by the fracture medium is equal to the volume rate q t ( ) of the incompressible fl uid diffusing out of the matrix block. On the basis of Eqs. 11, 12, 31, and 33, the semilog plot of experimental data is given by 
where Δ = − S S wi wf . Alternatively, in dimensionless form, recovery rate is 
Hence, once the analytical solution of the linearized diffusion equation has been obtained, as described in Appendix B according to Civan (2003, 2006) , then the shape factor can be calculated using Eq. 30 and can be substituted into Eq. 41, which constitutes the matrix/fracture-transfer function required for naturally-fractured-reservoir simulation. A typical example of the application of the matrix/fracture-transfer functions is given elsewhere by Civan and Rasmussen (2001) .
Data Analysis and Interpretation Methodology
The present methodology yields the average value D m (Eq. 9) of the capillary-diffusion coefficient D c , but not the capillary-diffusion function itself, defined by Eqs. 2 and 8. Its value is independent of the shape of the matrix block. Hence, the same value should be obtained regardless of the shape of the core samples used in countercurrent-diffusion experiments. This average value D m of the diffusion coefficient obtained here is not intended to describe the binary (wetting/nonwetting) diffusion in the porous medium. Instead, it is used to quantify the interface-skin-mass-transfer coefficient s by Eqs. 17 or 20 using the D m value. The capillary-diffusion coefficient D c is calculated by Eq. 2. Once the D m value has been obtained, a reasonable approximation to the capillary-diffusion coefficient D c may be obtained using this value, as illustrated in Appendix A.
The methodology used for the analysis of experimental data of the recovery factor and rate types is described in the following subsections. It is demonstrated that the long-time approximation offers a means for extracting the values of the average diffusion coefficient D m , the Biot number ␤, and the interface-skin-masstransfer coefficient s from a well-defined set of data, providing the recovery factor as a function of time, especially for large times. For this purpose, the parameters given in Table 1 for 
Applications and Results
Various experimental data of the recovery factor types and rate types vs. time are analyzed by the present methodology. These applications demonstrate that hindered-transfer functions should be considered for accurate interpretation of the matrix/fractureinterface flow. Simultaneously, the best-estimate values of the average-capillary-diffusion and interface-skin-mass-transfer coefficients are determined using the straight-line plotting schemes developed in the preceding section. The applicability of the Arrhenius (1889) equation for effective correlation of the temperature dependency of these parameters is also demonstrated. Cil (1997) and Reis and Cil (2000) used parallelepiped-shape fi redBerea-sandstone matrix blocks. The blocks saturated with a nonwetting fl uid (air or decane) were fully immersed and suspended in distilled water. Those authors determined the matrix block's average water saturation and the cumulative fl ow across the total matrix-block surface with time based on the measurements of the weight of the suspended blocks vs. time and application of Archimedes, principle of buoyancy. The properties of the various systems tested by Cil (1997) and Reis and Cil (2000) and parameters calculated in the present study are reported in Table 2 . Fig. 3 shows the least-squares linear correlation of the Cil (1997) recovery-factor-vs.-time data according to Eq. 42 for the water/air systems at 1, 23, 43, 60, and 81 o C and for one water/decane system. As shown in Fig. 4 , when applying an Arrhenius-type equation ( The preceding correlations were developed in temperature, rather than viscosity and interfacial tension (IFT), for the following reasons. First, temperature is a more-practically-measurable independent variable than viscosity and IFT. Second, correlations of temperature-dependent parameters should not be attempted using temperature-dependent variables, to avoid compounding the errors associated with their measurement (Civan 2007b (Civan , 2011 . Reis and Cil (2000) did not report the permeability and porosity of their matrix block. Therefore, we could not determine the value of the time-scaling factor from their dimensionless plots of data. Consequently, we could not determine the values of ␤ , , s m D and . Thus, these values are not reported in Table 2 . As can be observed from Fig. 5 , their data can be more-meaningfully plotted linearly according to Eq. 42 in the semilog coordinates. Using a nondimensional time does not affect the straight-line plotting of their data. Note that the experimental data deviate from the straight line as the measurement errors are amplified at later times when approaching the steady state, as explained in Appendix C. Guo et al. (1998) tested all-faces-open oil-saturated cylindrical siltstone core samples with a brine/oil system from the Spraberry reservoir. They measured the fractional oil recovery as a function of time. Figs. 6 and 7 show the long-time linear behavior of the recovery-factor-vs.-time response at different conditions according to Eq. 42 in the semilog coordinates. The values of the core and fluid properties, and the parameters calculated, are reported in Table 3 . Zhang et al. (1996) and Xia and Morrow (2001) tested oilsaturated cylindrical-, annular-, and rectangular-shaped water-wet Berea sandstone cores under various boundary conditions. They partially coated selected surfaces of the core samples with epoxy resin and subjected them to water imbibition. They measured the fractional oil recovery as a function of time. Fig. 8 shows the long-time linear behavior of the recovery-factor-vs.-time response of various core and fluid systems used by Xia and Morrow (2001) according to Eq. 42 in the semilog coordinates. Fig. 9 shows the similar result for the core and fluid system used by Zhang et al. (1996) . The values of the core and fluid properties, and the parameters calculated, are reported in Table 4 . 
Analysis of Experimental Data Using the Recovery Factor.
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Analysis of Experimental Data Using the Recovery Rate.
As a part of their experimental studies described previously, Reis and Cil (2000) also measured the rate of fl ow across the total matrix block surface with time. As can be observed from Fig. 10 , their data can be plotted linearly according to Eq. 47 in the semilog coordinates. The values of the parameters are given in Tables 3 and  4 . Again, the experimental data deviate from the straight line as the measurement errors are amplifi ed at later times when approaching the steady state. (See Appendix C for explanation).
Conclusions
The following conclusions are offered on the basis of the present studies and results:
• We demonstrated the necessity of considering a hindered matrix/ fracture interface-fluid-transfer function because the fracturesurface conditions in petroleum-bearing rocks usually contain some formation damage and/or pseudoskins that can limit the matrix/fracture-interface fluid transfer. The finite-skin effect may result from formation of a stationary fluid film over the matrix block surfaces, referred to as pseudoskin, or from an actual mechanical skin because of formation damage by various processes, including deposition of minerals and other debris and by adverse rock/fluid interactions.
• Our improved nonlinear differential model adequately represents the immiscible-fluid displacement taking place inside a matrix block by capillary-diffusion by considering a fracture/surface-hindered interface-imbibition-boundary condition between matrix blocks and surrounding natural fractures, a time-varying shape factor characterizing the effect of the matrix-block shape, and a scalar capillary-diffusion coefficient that is dependent upon the matrix-block volume-average porosity, permeability, and the matrix-medium fluid saturation (through the dependency of the mobility ratio and capillary pressure on saturation).
• Our interpretation method is based on an analytical solution obtained after proper linearization of the nonlinear transient-state capillary-diffusion model by means of the integral transformations of both the dependent-variable saturation and the independentvariable time. Our formulation uses a capillary-diffusion coefficient averaged over the mobile-wetting-fluid-saturation range, which relates to the saturation-dependent capillary-diffusion coefficient through the integral transformation. In contrast, most previous approaches assume a constant value for the capillary-diffusion coefficient to be able to generate an analytical solution.
• The nondimensional shape factor resulting from our formulation is not a constant but is time-variable. Hence, once the analytical solution of the linearized diffusion equation has been obtained, then the time-variable shape factor can be calculated directly by our formulation.
• We show that although the shape factor varies with time for short times, it nevertheless attains a constant-limit value for long times. We take advantage of this condition to develop workable equations and semilog straight-line data-plotting schemes for effective analysis and interpretation of laboratory data obtained from variousshaped reservoir-rock samples initially saturated by a nonwetting fluid and later immersed in a wetting fluid. This approach leads to the uniqueness of the determined parameter values.
• We demonstrate that the semilog straight-line data-plotting approach using the constant long-time shape factors allows rapid simultaneous determination of the characteristic parameters of the matrix/fracture-transfer models for various-shaped matrix blocks, which are essential for predicting petroleum recovery from naturally fractured reservoirs (e.g., the average capillarydiffusion coefficient D m and the interface-skin-mass-transfer coefficient s ). The values of these parameters can be extracted conveniently from the intercept and slope values of the straightline regression of the long-time experimental data of either the recovery factor or the recovery rate because our formulation relates the intercept and slope of the semilog straight line to these coefficients.
• We show that the temperature dependency of these parameters can be correlated effectively using the Arrhenius (1889) equation.
• The values of the interface-skin-mass-transfer coefficient s and, therefore, the Biot number ␤ become significantly large ( ) ␤ → ∞ when the skin effect is negligible, as observed with several core samples considered in the laboratory tests analyzed in this study. Supplied by the NIOC Central Library
• Previous experimental studies primarily measured the fluid recovery from matrix blocks in laboratory core tests. However, the present modeling effort suggests that experimental studies should also consider measuring one of the skin parameters, either the skin diffusivity D s or thickness b s . Then, the remainder can readily be determined from the ratio of ( / ) Long-time Approximation. For the long-time approximation, only the leading term in the series is retained.
TABLE 4-PARAMETERS AND LONG-TIME BEHAVIOR OF THE RECOVERY-FACTOR-VS.-TIME RESPONSE OF PARALLELEPIPED-CORE/ AND CYLINDRICAL-CORE/FLUID SYSTEMS
Short-Time Approximation. For the short-time approximation, we start with the Laplace-transform analysis of Eqs. 25 through 28, where Ξ( , ) X s denotes the transform of Ξ( , ) X T with respect to T and s is the transform variable. For short times, the Laplace-transform variable s is large, in which case the exponential term in the denominator can be neglected. The approximation for short times is therefore obtained and then the resulting expression can be inverted by means of Laplace-transform tables leading to the short-time solutions. We apply the solution derived in this section to generate a number of special solutions, as described in the following. between two slices taken across the column a distance L z apart. The two end faces are impermeable and closed. Thus, we have the solution that represents a parallelepiped with two closed faces that oppose one another and four open faces that are circumferential. The surfaces in this confi guration are arranged differently than previously mentioned.
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